Agricultural biodiversity is the basis for agricultural research and development. This paper is based on the survey across the country along with the field implementation and action research on different conservation approaches over the years and locations. Management of agricultural biodiversity is being initiated in Nepal through ex-situ, on-farm, in-situ and breeding strategies by National Agriculture Genetic Resources Center (National Genebank) from 2010. National Genebank has implemented on-farm conservation across the country. Different approaches are community seed bank, community field genebank, household seed bank, household field genebank, village level field genebank and school field genebank. In addition to these, landrace enhancement program and recognition of agro-biodiversity rich farmers have also contributed on conserving APGRs. Identification of agro-biodiversity rich farmers have been initiated in collaboration with different governmental and non-governmental organizations across the country. Strong network among these farmers is supposed to establish for effectively managing APGRs on-farm. Agro-biodiversity conserved by such farmers is called household genebank, which consist of seed storage (household seed bank) and household field genebank. There are more than 100 CSBs in the country and some of them are conserving local genetic resources. Eight community field genebanks have been functionalized for conserving recalcitrant seeds and vegetatively propagated crop species. Village level field genebank has been established by NGO in Makwanpur district to conserve banana and taro. In this approach, different households grow different landraces, maintaining maximum diversity within a village. In some areas, school field genebank has been established by growing local APGRs in school areas. This helps to conserve APGRs, educate the students, earn the income and make environment beautiful. Genebank also encourages farmers to reintroduce the landraces from the National Genebank. Accessioning these APGRs and training to farmers and farming communities are necessary to effectively and efficiently conserving and utilizing APGRs on-farm.
INTRODUCTION
Nepal is largely an agrarian country where crops cultivation ranges from 60 m to 4,700 m altitude (Joshi et al., 2017a) . The nation holds 484 cultivated indigenous crop species with an estimated 30,000 native landraces. Study shows that even in a small village of Nepal there is diversity of local varieties, among which many landraces have capacity to cope with different biotic and abiotic stresses. Such crops diversity are being maintained by farmers at farming areas by planting the seed, selecting the harvest or exchanging it with other farmers, and replanting. Unfortunately, due to modern and hybrid varieties and other factors, about 50% of crop diversity has been lost in the past (Joshi et al., 2017a) . To conserve local crop intraspecific diversity, on-farm conservation has been widely adopted in Nepal since 1995.
Local crop diversity contributes a wide range of goods and services to food, fiber, fuel, health, and livelihood security through resisting, absorbing and recovering from the various effects of biotic and abiotic stresses (Altieri, 1999; Jarvis et al., 2007; Mijatovic et al., 2013; Vanek and Drinkwater, 2013; Upadhya et al., 2016) . Field crop diversity is fundamental to agricultural growth. It enables agricultural communities to develop higher yielding, more productive varieties that have the improved quality characteristics required by farmers and desired by consumers (Shrestha et al., 2019) . The value of agricultural biodiversity is immense to meet the day to day needs and long-term sustainability at food and agricultural sector across the world. Genetic diversity is the basis for scientific research to derive different varieties, techniques and methods suitable for different agroecology.
Farmers have been doing conservation of agricultural biodiversity for centuries. Similarly, the issue and agenda of agricultural biodiversity has got prime concern at scientific community with the international agreements: Convention of Biological Diversity (CBD), International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA), Nagoya Protocol and similar other agreements over the last decade. Despite the importance of agricultural diversity to create entire panoply of divesity, it has been actively managed and taken care only by the farming communities in the past in Nepal. Like at the international community, systematic attempt to assess what approaches are being adopted, and what other can be added for the conservation and management of agricultural biodiversity in Nepal has been initiated only after the establishement of National Agriculture Genetic Resources Center (NAGRC, National Genebank) in 2010. NAGRC has been adopting four strategies, namely on-farm, ex-situ, in-situ and breeding and have developed a number of approaches and methods for conservation and management of total agrobiodiversity in the country (Joshi et al., 2017a) . Red zoning and red listing systems are in practice to prioritize the agricultueral plant genetic resources (APGRs) for conservation and use. Government of Nepal has also adopted on-farm conservation strategy and mainstreamed it in a number of policy and strategy documents (e.g. Seed act (First amendment): 2008 .1.24, Seed Act 2045 (1988 ) and the 2008 amendment, Seed Regulations 1997 and amendment 2013 , Plant Variety Protection and Farmers' Rights Bill, Agro-biodiversity Policy 2007 and the 2014 amendment, National Agriculture Policy 2004 , Agriculture Development Strategy 2014 , National Biodiversity Strategy and Action Plan 2014 -2020 . Though, different approaches have been adopted to conserve the agricultural biodivesity yet no systematic attempt has been made to compile those information which can be assessed by the national and international communities. Present attempt is therefore to pacakage those ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online) DOI: https://doi.org/10. 3126/janr.v2i1.26012 16 information in one portol so that it can be easily available and accessible across different levels and make the conservation effort more efficient and effective.
METHODOLOGY

Literature review
On-farm conservation has been adopted as a separate conservation strategy in Nepal since 1995. A number of publications are available under on-farm conservation program, and this study reviewed these and provided a synthesis of published annual report, booklet, proceedings, journal and reports of NARC, LIBIRD, MoALD and Bioversity International on on-farm conservation approaches.
Field survey
Since the field survey are a major part of this study, after discussing with key organizations and experts, potential sites were identified. Based on the agro-climatic variation and success cases, study team identified and visited 70 sites for field survey from 2014 to 2017, and collected in-depth data and information on list of activities and crops, farmers' reaction, name list of organizations, impact on farming communities and agro-biodiversity, etc. Details on some of many field surveys are presented in Table 1 . Simaria, Sunsari; Purkot, Tanahu; etc. Different approaches have been adopted e.g. some activities were directly implemented in the fields; some were implemented through farmers groups and some through local NGOs. Activities implemented in these sites along with their status are reported here. One of the major impacts of some of activities is that many other governmental as well as non-governmental organizations have mainstreamed these activities. This paper therefore will further be helpful to expand these activities at wider scale by different organizations.
RESULTS AND DISCUSSION
Conservation ladder and on-farm conservation methods
A concept of conservation ladder is promoted in Nepal, with three steps, local, national and international levels (Figure 1 ). At local level, there are three main strategies, namely on-farm conservation, in-situ conservation and breeding ( Figure 2 ). Within on-farm conservation, about 15 different methods have been developed and most of them are widely applied in Nepal. Among them, community seed bank and community field genebank are very common and many communities have established for management of local crop diversity. 
Figure 2. Agrobiodiversity conservation approaches and methods at local level adopted in Nepal
Understanding on-farm conservation On-farm conservation is a strategy that support for continue cultivation of local crop diversity by farmers over the time. Some agriculturists include on-farm conservation under the in-situ, but in Nepal it is treated as a separate strategy and difference among ex-situ, in-situ and onfarm are described in Table 2 . 
Key players and their contributions on on-farm conservation
More than 14 organizations work on on-farm conservation in Nepal and spread across all 77 districts through direct, partnership and joint presence. On-farm conservation approaches and supporting program of these organizations are given in Table 3 . A number of different approaches have been developed and implemented along with different supporting programs. Among these organizations, LI-BIRD and NARC are the exemplary organizations on conservation and utilization of agrobiodiversity following on-farm conservation strategy. Almost 30% of local crop diversity is being conserved under different methods of on-farm strategy in the country. 
On-farm conservation targets
Successful implementation of on-farm conservation is possible only when farming areas, farmers and crop types are considered and identified appropriately. On-farm conservation is generally targeted to non-commercial areas, especially remotely located farming communities and small holder farmers. Areas where technologies are not easily accessible have relatively become effective for on-farm conservation. Similarly, hot spot areas of agricultural biodiversity are the targets for implementation of on-farm conservation approaches. Field discussion brings out that farmers with poor access to technology and facing biotic and abiotic problems in their crop landraces/varieties are happy to involve directly in on-farm conservation related activities. Agrobiodiversity rich farmers (custodian farmers) are more interested and they are the key players and should therefore be considered ambassador for agrobiodiversity management at local level. Earlier priority was given to cereal and vegetables crops. 
Household genebank
Some farmers in particular have traditionally conservation mind i.e. always interested to grow different type of crop species and landraces. They enjoy having large number of diversity and prefer to share diversity among the farmers. Such farmers are therefore called agrobiodiversity rich farmers or custodian farmers. Agrobiodiversity maintained by such farmer is household genebank. Household genebank is the system of conservation and utilization of agrobiodiversity at household level. Under household genebank, there are two types, one is household seed bank and another is household field genebank. Household seed bank deals only orthodox crops and household field genebank deals non-orthodox crops. Generally non-orthodox crops are maintained in kitchen garden as well as home garden. Such farmer is nodal one in the farmers' seed network system. Across the country there are more than 500 such household genebnks and some are listed in Table 4 . 
Community genebank
Community Seed Bank was established earlier in Nepal for handling orthodox crops e.g. cereals, grain legumes and vegetables. Their seeds are relatively easy for drying, collecting, storing, packing and handling. They are the main crops in most of the communities; therefore, CSBs were established targeting such seeds. About 40% of total APGRs in Nepal are non-orthodox and needs to give them priority for conservation and use. NAGRC therefore has given emphasis to conserve both orthodox and non-orthodox crops. Later many communities also realized to consider all locally available APGRs in the conservation works. NAGRC has formulated and started working on different approaches for conservation of all types of APGRs. These approaches relate with the types of APGRs based on the conservation modules needed to store them. Conservation of both orthodox and non-orthodox by the community is called Community Genebank which consists of community seed bank and community field genebank. CSB deals only orthodox crops and CFGB handles only nonorthodox crops. Generally CSB and CGB are named with the prefix of location name, e.g. Dalchoki CSB, means Dalchoki is location or village name. To be a CSB or CGB, there should be conservation and utilization works of local crop diversity, only dealing modern varieties are not considered CSB.
For CSB different names are in practices around the globe eg community gene bank, farmer seed house, seed hut, seed wealth center, seed savers group, association, or network, community seed reserve, seed library, and community seed bank (Vernooy et al., 2015) .
There are many variants of CFGB such as village level FGB, religious site-based FGB, community based crop specific park and community managed orchard, etc. First CFGB was established by Gadharia Community in Kailali district in 2010 by growing 76 local mango landraces in 5.5 ha land. There are more than 8 CFGB in Nepal. Due to the clonal propagation in CFGB, diversity may be narrow; therefore, we also focused on growing such plants through seeds.
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The main target of CSB is to make easy access of local crop diversity to the farmers so the local crop diversity can be conserved through continued growing. Community involves themselves for management of local crop diversity. Within a CGB, there may be many Household Genebanks. Nepal is very unique on using CSBs and CGBs approaches for conservation and sustainable utilization of APGRs. First CSB was established in 1994 in Dalchoki, Lalitpur (Joshi, 2013) and afterwards there are many national events related to CSBs. NARC annually allocates budget for on-farm conservation, therefore, conservation success are relatively good on on-farm conservation in Nepal.
Based on the current status, CSBs in Nepal can be grouped into active CSB, passive (dormant) CSB, collapsed CSB and transmuted (transformed) CSB. Active CSBs are those which are functional and working actively on conservation and utilization of local crop landraces at current time. Passive CSBs are those that were functional in past but due to many reasons, it is not currently dealing any seeds supply system and committee is not holding any meetings and involving in any activities. However, buildings and all materials are in place and one can expect to revive in near future. Collapsed CSBs are no more in existence though earlier they were functional with the working modalities of CSB. Transmuted CSBs are those which were earlier working on local crop diversity but later they completely excluded the local crop diversity and involve in different other activities. In Nepal, there are 40 active CSBs, 6 passive CSBs, 3 collapsed and 95 transformed CSBs. These 144 CSBs are located in 33 districts out of total 77.
The reasons of becoming transmuted, passive and collapsed should be documented so that it can be a guiding document for other CSBs to sustain successfully for longer time. One of the passive CSB said that it become passive because of political conflict. Earthquake is the major reason for collapsing CSB in other area. CSBs have been transmuted because of mainly issues on sustainability. Just conservation work on local crop diversity is not enough to mobilize the farmer group and they faced always financial constraints. Both governmental and non-governmental organizations have been actively involved on establishing CSBs in the country. CDD and NAGRC are the main governmental agencies and LIBIRD and Action Aid are main among non-governmental organizations (Table 5 ). About 9 organizations are directly involving on establishing and running the CSBs. The highest number of CSBs was established by Oxfam but later they were transmuted. Active CSBs are being established and maintained by LIBIRD. The details of CSB are given in Table 6 . 
Religious site based field genebank
In Nepal, religious sites are automatically protected and such locations can be considered effective for conservation of cultivated crops in addition to crop wild relatives and wild edible plants. Such sites should be managed by nearby community. There are more than 100 such sites and some species are being protected in such sites. Many communities are interested to involve in such type of conservation method. Such sites are excellent for crop wild relatives, wild edible plants and semi domesticated crop species and landraces. It can be considered as Temple Garden as well e.g. Muktnath Temple Garden, Pashupati Temple Garden, etc.
School field genebank
Conservation of non-orthodox crops around school compound is called school field genebank. Students are requested to collect plants from their own house and they are grown around school for conservation, study, harvest, and environment protection. Generally all plants available in the command areas are conserved in school field genebank including school garden and farmers, researchers can access these germplasm when they needed. In Nepal there are many schools, college, and campus with many non-use lands. Parivartan Nepal, NAGRC and COPPADES have started establishing school field genebank in 7 schools ( Table 7) . All databases are being managed by NAGRC and by respective school. School prefers to grow and maintain perennial types of crops because of easy for maintenance. For establishing school field genebank, students should be guided for exploration and survey, sites identification, listing and prioritizing crop species and mapping their center of diversity. They should also learn herbarium preparation and passport data collection. These materials then can be used for characterization and evaluation, regeneration and multiplication, diversity assessment and distribution. 
Rejuvenation of pubic and community orchards
More than 100 public mango orchards can be found mainly in Lamjung, Kaski, Gorkha and Tanahu districts (Upadhya et al., 2017) . Some of them are listed in Table 9 . Most of them are very old and no one is taking care of them. Due to very old age plant, they are almost at the stage of extinction. NAGRC has started working on rejuvenating such orchards since 2016. Rainas Community in Lamjung has managed old mango orchard which was initially public, now it is managed by community (and called community mango park or community field genebank) following the management system of community forest. 
Landrace enhancement
Genetic enhancement of landraces is necessary for deploying unutilized germplasm available and creating vast genetic variability for development of productive varieties. National Genebank has given due priority to improve the landraces in collaboration with farmers and communities. The steps used for landrace enhancement is given in Figure 3 . Some landraces developed this way has been registered in National Seed Board. 
Recognition of cultural and religious value of landraces
Farmers still cultivate landraces that have culturally and religiously linked traits: though few in numbers these landraces have adapted to local environmental conditions thereby demonstrating variable adaptation to environmental extremities. It implies there is low risk of extinction of such landraces and much potential to be conserved and served as repository of gene pool for the development of new varieties that enrich biodiversity and maintain and stabilize ecosystem in a sustainable way to make it functional. Therefore, such landraces have been listed and presented in Table 10 so that knowledge and value of such landraces will transfer to young people, students and among large mass of farmers.
Recognition of crop landraces as geographical indicators
Due to varied local agro-climatic conditions, there are numerous geographically linked traits in many crop landraces (Joshi et al., 2017b) . Because of very specialty and geographical differences, these landraces even today provide food security at the family and village levels but due to the replacement by genetically uniform and high-yielding varieties these landraces are becoming more threatened and suffering from genetic erosion. However, it is believed that owing to having unique and special traits, the conservation of these landraces is easy if its values are further scaled up. Farmers are central participants in the conservation of such landraces thus these landraces have been identified in collaboration with them. We have encouraged and facilitated communities to get GI rights on these products. Among the different unique landraces, some of them are presented in Table 11 . 
Red zoning and red listing
All APGRs could not be collected within a certain time period, therefore, National Genebank has guided CSBs for preparing red listing to identify the priority landraces. Red zoning system has been applied for identifying endangered landraces and its details are given by . Crop diversity should be collected before replacing or losing them from red zone areas. In other than red zone areas, population size and preferential status, and trait distribution criteria have been used to identify vulnerable, rare, endangered and unique landraces. Such systems of classifying crop landraces (red listing) are in practices since 2004 in Nepal (Joshi et al., 2004) , however, it is very common in forest genetic resources. In forest genetic resources, IUCN criteria and CITES system are in practices and based on these criteria, many species are red-listed in Nepal. Some of them are APGRs. NAGRC also encourage all CSBs for considering this list to collect and conserve either in their own system or send to National Genebank.
Informal seed supply, participatory seed exchange Informal seed supply system in Nepal plays curial role for diversity maintenance at local level. Different organizations have facilitated to promote informal seed system. Nodal farmers in seed network are the target farmers to initiate conservation works. Areas where, modern varieties are not accessible, information seed supply system is the only one that meet seed demands and almost all household involve in this system. Dynamic network structure had key role in provisioning of traditional varieties and maintaining of crop genetic diversity on-farm. Key network members, constituted either as nodal or bridging (connector) farmers, occupy the central position in the network who promote seed flow of local crop diversity, thus strengthening crop genetic resource diversity on-farm (Poudel et al., 2015) .
Supporting activities for on-farm conservation
Farmer and communities always looks for high yielding varieties and conservation is not their priority. Supporting programs therefore are needed to get farmers involved in conservation works. Followings are the programs that help to engage farmers in on-farm conservation.
Linkage: Strong linkage with farmers and farming community is important aspect for successful on-farm conservation. Facilitations are necessary to build linkage among farmers with other relevant stakeholders.
Landrace catalogue: Farmers feel happy to have catalog of their existing landraces. Information on nutrition as well as other cultural practices are very helpful on selection of landraces for farmers and for continue growing. Catalog also helps to increase the adoption rate of that particular landraces. Many organizations have developed more than 10 different catalogs of crop landraces.
Awareness and sensitization: This is very important part to get success in on-farm conservation. Different methods have been in practices for sensitization and to aware farming communities on importance of agrobiodiversity and their conservation. Some practices are travel seminar, folk competition, training, exchange visit, diversity essay, diversity song, road drama, food tasting meeting, impact story sharing, etc.
Incentive mechanism: Different kinds of incentives have been providing to farmers and community based on their contribution on agrobiodiversity management. Generally there are incentives for adopting modern varieties in Nepal and this accelerates the replacement of local landraces. Therefore, organization workings on on-farm conservation favored incentive system to farmers and communities. Some incentives are cash prize, field visit, providing seeds free of cost, agricultural tools, training, and membership to different action groups, etc.
Product diversification and favoring local products:
Training on products diversification was provided to many communities. Some communities have started business on local products and their different derivatives. Brochures and posters on importance of local products were published and distributed to different stakeholders and demands on such products are rising. Different news media were also used to advertise the local products. Even city dwellers are very much interested on these products and they are willing to pay high price.
Diversity fair and local food fair: Diversity fair is the gathering of farmers with their local crop diversity in certain area and time to show the total diversity in the community and to provide for sharing germplasm each other. Similarly, food fair is the gathering of people along with local products and their diversification, to show the diversity in food. These two fairs greatly helped to promote the conservation activities of local crop diversity. Many organizations at local and national levels regularly organize diversity and food fairs. During fairs, best exhibitors also receive prizes and it encourages farmers to continue the cultivation of diversity.
Diversity blocks:
It is crop fields with many blocks growing different landraces of a particular crop. It is generally maintains in farming land where most of the farmers can access. It provides farmers an option to see the total diversity available in the community and select one that they like. It helps to increase the landrace richness in a community and farmers feel happy to get selection opportunity. Many community seed banks and organizations have maintained diversity blocks for a number of crops. National Genebank also provides previous collections to local community for observation in diversity blocks.
Agriculture fair: This is a traditional system of selling local products in seasonal market. Generally this fair is organized once a week and all kinds of agricultural products are displayed for sale. Favorable environments have been created to organize such fair across the country and farmers are very much happy to take part in such fairs. Such fairs also accelerate the seed exchange system and support for growing diversity.
Registration of local landraces:
In Nepal, only registered varieties can be commercially grown. Generally modern varieties are monogenotypic (homozygous) and policy favor to develop such variety. Therefore, with close collaboration with farming communities, more than 10 landraces have been registered. This encourages the farmers to continue the landraces and commercialize it.
Diversity kits: It is the pack of seeds of different crop varieties and landraces for giving to farmers during meeting, field visit and collection. We provide diversity kit free of kit that support to maintain the diversity. Farmers show keen interest on maintaining diversity after getting such kits. More than 5000 kits are annually distributed across the country.
Diversity field school: Farmer field school is very success in Nepal to empower the farmers and to train them. In the same principle of farmer field school, NARC and LI-BIRD has developed diversity field school, where, use and importance of diversity are discussed among farmers visiting different crop fields. Running diversity field school has encouraged and motivated farmers on growing diversity in their fields.
CONCLUSION
Three strategies, i.e. breeding, in-situ and on-farm are necessary to conserve crop diversity at local level. On-farm conservation is very effective in Nepal and it has contributed to manage about 30% of total local diversity in Nepal. Among 24 different methods of on-farm conservation, community seed bank and landrace enhancement are widely and effectively used. School field genebank is very easy and low cost technology to conserve large diversity in a single site. Farmers have experiences of low risk due to abiotic and biotic stresses from creating and maintaining maximum diversity within a plot. Valuing the local products and supporting different activities are necessary to encourage farmers for continuing the local crop diversity.
